ABSTRACT -Surgical bile flow restoration in extrahepatic biliary atresia (EHBA) does not prevent the development of ongoing hepatic fibrosis and cirrhosis. Portal connective matrix was studied on liver biopsies obtained from seven children submitted to portoenterostomy. Electron microscopy and immunohistochemical techniques (using specific antibodies directed against collagen isotypes and associated glycoproteins) were performed. The study of extracellular and cellular components of connective mat ix demonstrated the existence of two distinct areas according to their situation with regard to ductular proliferation: loose connective matrix -mainly composed of fi, iectin, type 111 collagen, type 1V collagen and laminin -associated with microvessels and myofibroblasts proliferation characterized periportal zones adjacent to bile ductules; in areas distant from ductular proliferation, connective matrix appeared dense, composed of type I and type 111 collagen associated with fibroblasts. The connective matrix pattern observed in periductular areas can be compared to that described in cicatricial and hypertrophic processes where the myofibroblastic cell population is known to play an important role in fibrosis development. Although the connective matrix activation process remains unclear in EHBA, it may be suggested that activation of a connective tissue cellular clone might be responsible for this portal fibromatosis.
Extrahepatic biliary atresia (EHBA) is anatomically defined as obliteration or complete absence of the extrahepatic biliary tree. Consequently, obstruction to bile flow is always observed (1, 2). The histopathological findings include cholestasis, ductular proliferation and progressive fibrosis, leading to a pattern of secondary biliary cirrhosis (3, 4).
Despite satisfactory porto-enterostomy, functionally checked by re-establishment of bile flow, controlled by normal liver function tests and improvement of jaundice, almost all children present a progressive fibrotic hepatopathy, responsible in the long term for hepatic cirrhosis (5) (6) (7) (8) . Most of the previous studies on EHBA are related to the diagnosis, prognosis and grading of extrahepatic obstruction for surgical purposes (9-1 3). Little attention was paid to changes in the portal connective tissue associated with ductular proliferation. However, recent studies on cell-matrix and epithelial-mesenchymal interactions (14, 15) in vitro have given new information aiding the understanding of pathogenesis in vivo. Moreover, recent developments in biochemical and immunochemical research on collagens and associated proteins, in normal and pathological conditions, have made relevant precise mapping of connective matrix components in fibrosis (1618).
In the present study, liver biopsies performed on children with EHBA were submitted to ultrastructural study and immunotyping of collagens and associated proteins in order to characterize this fibrotic process.
Patients and methods
Liver biopsy specimens were surgically obtained from seven infants during Kasai's porto-enterostomy for complete EHBA. The patients were 1-3 months old and the diagnosis of EHBA was confirmed by cholangiography at the moment of surgery and after histological study of the fibrous tract taken from the site where bile ducts are usually located.
Specimens for histopathological study were fixed in Bouin's solution and were paraftin embedded. Sections of 3-5 pm were cut, transferred to glass slides and submitted to routine staining methods for liver biopsy study (hematoxylin-eosin, Masson's trichrome, orcein, silver stain impregnation and Perl's reaction).
For electron microscopy 1 % OsO4 sodium cacodylate 0.15 M buffered solution was used at pH 7.4. Fixation was carried out at 4°C for 60 min. After graded ethanol dehydration, embedding was carried out with Epoxy resin (Epon 812). Sections I pm thick (made with an LKB or Reichert OMU 2 ultramicrotome) were examined by light microscopy after staining with Richardson's method in order to localize portal and periportal zones. Ultrathin sections were contrasted with uranyl acetate-lead citrate solution and observed on a Philips EM 300 electron microscope.
Collagen immunotypingpreparation of immunologic reagents
Preparation of antigens. Collagen types 1, 111 and IV were prepared from normal and fibrotic human livers (17) . Human fibronectin was isolated from citrate plasma by affinity chromatography using agarose gel. This material was further purified by cellulose-phosphate chromatography in 20 mM potassium phosphate buffer (pH 6.8) containing 1 mM EDTA (19).
Preparation of antibodies. Specific antibodies for collagen isotypes I, pro-111, 111 and IV were screened for by means of indirect immunofluorescence (17) on human liver and an enzyme-linked immunoadsorbent microassay (ELISA) (20) . The peptide N-terminal antigenic determinant on the procollagen type 111 molecule was recognized by a radioimmunoassay (RIA). For purified anti-basement membrane collagens, no cross-reaction was detectable with laminin using the ELISA microassay.
Anti-laminin antibodies were prepared by injecting rabbits with 0.25 mg of laminin in Freund's complete adjuvant, according to the same procedure as the collagen.
To obtain anti-human fibronectin antibodies, rabbits were inoculated with 500 pg of human fibroneetin as for were performed on a fluorescence microscope fitted with an incident illuminator. Immunofluorescent reactions were controlled by non-immune rabbit serum.
Resu I ts Light microscopy
Histopathological study revealed the usual pattern of extrahepatic biliary obstruction (Fig. 1) . In all the cases, portal and septa1 fibrosis, ductular proliferation and cholestasis were the most prominent findings. Giant cell transformation of the hePatocYtes was occasionab' Seen throughout the lobules and hepatocytes, disposed in pseudo-acinar structures, were present around portal zones. In the fibrous tissue adjacent to ductule proliferation. there was proliferation of a spindle-shaped the previous immunization procedure. The presence of anti-human fibronectin antibodies was detected (19) . The ELISA and RIA tests were performed before use.
cell, as well as multiplication of small blood vessels (Fig. 2) . In these areas ductular proliferation was always associated with a loose pattern of connective matrix organization (Fig. 3) , well demonstrated by silver stain. In contrast, areas devoid of ductular biliary proliferation appeared to be composed of dense connective tissue (Fig. 4) .
Three specimens showed such extensive fibrosis, with a pattern of micronodular cirrhosis and ductular Proljferatjon, that a d&nosjs of secondary biliary cirrhosis was made (Fig. 1) .
lmmunofluorescence staining procedures
Immunolabelling of collagen types was done by indirect immunofluorescence on 6 pm unfixed, frozen sections, using the purified IgG antibodies (0.0054.02 mg/ml) and a fluorescejn ;sothiocyanate (FITC,--labelled sheep antirabbit or rabbit antigoat IgG globulin. All readings 
Electron microscopy
Hepatic parenchymal cell. Changes in hepatocytes were those related to cholestasis, i.e. bile canalicular dilatation with intraluminal blebs, and intralysosomal biliary pigment storage. A pseudo-acinar arrangement of hepatocytes was frequently observed all over the lobule.
Portal spaces Ductular proliferation
Proliferated bile ductules were mainly located near the lobular limiting plate. They appeared tortuous and irregular, sometimes limited by multilayered basement membranes ( Fig. 5 and 6 ). Ductular cells showed numerous cytophagosomes, mitochondria1 swelling and intraluminal blebs (Fig. 5) .
Portal connective matrix
As was noted by light microscopic study, two distinct patterns of connective matrix organization were observed:
(1) Areas adjacent to ductular proliferation were characterized by a loose type of organization made of abundant microfibrillar and nonfibrillar components composed of small collagen bundles with poorly oriented fibers. Myofibroblasts were numerous and found around proliferated biliary ductules ( fig. 6 ). These cells were identified as spindle-shaped cells with a central elongated nucleus which was often notched. Like smooth muscle cells, a contractile submembrane apparatus was observed. Parallel to the elongated cell axis, a fibrillar structure showing some areas of increased density appeared characteristic. A fairly well-developed external basement membrane was present. Occasionally, cell junctions were seen between the myofibroblasts (Fig. 7) . Frequently cytoplasmic vacuoles containing intracytoplasmic fibrillar material identified as collagen fibers were noted in these cells (Fig. 8) . In such cases, basement membranes were less clearly seen around the cells (Fig. 8) . Proliferated microvessels were represented by capillaries and arterioles. Most of the arterioles had occluded lumina. Their muscular layer was sometimes irregular, hyperplastic and hypertrophic, showing their cells dissociated by edema and the deposition of collagen fibers. Often a file of myofibroblasts disclosed contact with capillary pericytes or with the external muscular layer of the arterioles (Fig. 8) .
(2) Areas distant from ductular proliferation were characterized by a dense mode of organization. Large oriented collagen bundles were predominant and associated. Microfibrillar and non-fibrillar components were rarely observed.
Low cell density with predominance of fibroblasts was noted. A comparative study of the cellular and fibrillar composition of these two portal areas is summarized in Table 1 . 
Connective matrix immunolabelling
Immunofluorescence study using the various antibodies directed against connective matrix demonstrated a diffuse positivity with each isotype antibody against types I, 111, IV, pro-111 collagen and fibronectin. However, a clear-cut difference existed in the intensity of the reaction, which varied from the marginal to the central part of portal tracts. Thus, type I11 collagen, pro-I11 collagen and fibronectin predominated in periductular areas (Fig. 9, 10, 11 ) and decreased towards central zones. In this same region, type IV and laminin labelled the numerous vessels and ductular channels. By comparison, type I and type 111 collagen formed the main components in the central region of portal tracts. These results are summarized in Table 2 .
Discussion
Our results indicate that in EHBA, ductular proliferation is always associated with significant changes of adjacent connective matrix. This fact has already been described in other diseases of the biliary tract (21) . In these cases, the fibrotic reaction is generally associated with and/or follows an inflammatory or a neoplastic process. For example, in cholangitis disappearance of the inflammatory reaction after treatment is followed by stabilization, or even reversal of the fibrotic process. However in EHBA, inflammation is not generally considered to play the major role in the course of tissue lesions; few inflammatory cells are found in situ and ductular proliferation is often the only change associated with fibrosis. Since the influence of cholestasis cannot be incriminated in the present disease, evolutive fibrosis seems to be more related to a stroma reaction concomitant with ductular proliferation than a post-necrotic or chronic inflammatory process. The precise analysis of cellular and matricial elements which participate in the fibrotic reaction in EHBA is of interest for general pathological interpretation. In areas adjacent to ductular proliferation, numerous and active myofibroblasts associated with proliferation of microvessels and loose connective matrix organization, represent a connective tissue pattern very similar to a hypertrophic and cicatricial process which leads to a self-perpetuating mode of evolution, as described in other tissues (22) (23) (24) (25) . In skin hypertrophic scars and keloids, myofibroblasts are claimed to play a fundamental role in the remodelling process of the granulation tissue (22, 26) . It can be assumed that the presence of myofibroblasts, whatever may be their origin in EHBA, would have a similar function in portal fibrosis. Among the myofibroblasts observed in the present study, several appeared to be acting as phagocytes. This fact was demonstrated by the presence of numerous collagen-containing vesicles in the cytoplasm. The relative irregularity of the pericel- Mar basement membrane of phagocyting myofibroblasts appears to be the only difference between them and the non-phagocytic cells. In skin, these cells have been named myofibroclasts (27) . In EHBA it can be assumed that myofibroblasts are directly involved in the remodelling process of portal fibrosis. It seems of interest to note that in EHBA myofibroblast activity is clearly associated with microvessel proliferation. In our study, some pericapillary pericytes were in close contact with the myofibroblast population. It can be speculated that through the pericapillary pericyte, the myofibroblasts are building a diffuse network throughout the connective matrix ready for contraction during the different stages of the fibrotic process. In EHBA, the precise origin and the exact significance of the connective tissue activation, represented by microvessel and myofibroblast proliferation, remains obscure. As a strong stroma reaction (23, 28, 29) associated to ductular proliferation, the connective tissue reaction in EHBA appears to be a proliferative fibrosis with self-perpetuating capacities. This characteristic could be related to the great plasticity and proliferative capacities of the connective tissue of children.
It is of interest to note that, after surgical tredtment, ductular proliferation disappears but portal fibrosis continues to evolve.
Connective tissue activation could be the result of a clonal activation of connective tissue cells. Consequently, a kind of portal fibromatosis, leading to cirrhosis, might be initiated in situ.
